
Basic Method

• For an n-link robot with joint variables 𝑞ଵ… 𝑞௡,
With forward kinematics:

1) Write position 𝑜௡଴ equations
2) Take derivative for velocity
3) Put in matrix form 𝑋ሶ ൌ 𝐽𝜃ሶ
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𝑇௡଴ ൌ
𝑅௡଴ 𝑜௡଴
0 1



Example – 2-Link Planar Arm

• Given 𝐿ଵ, 𝐿ଶ
• Find Jacobian using basic method
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𝒀𝟎 𝑳𝟏

𝑳𝟐

𝒑𝒆



Example – 2-Link Planar Arm

1) Write position FK equations
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𝜃ଵ

𝜃ଶ

𝑿𝟎

𝒀𝟎 𝑳𝟏

𝑳𝟐

𝒑𝒆

𝑥 ൌ 𝐿ଵ𝑐ଵ ൅ 𝐿ଶ𝑐ଵଶ
𝑦 ൌ 𝐿ଵ𝑠ଵ ൅ 𝐿ଶ𝑠ଵଶ



Example – 2-Link Planar Arm

2)  Take derivative for velocity
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𝜃ଵ

𝜃ଶ

𝑿𝟎

𝒀𝟎 𝑳𝟏

𝑳𝟐

𝒑𝒆
𝑥ሶ ൌ െ𝐿ଵ𝑠ଵ െ 𝐿ଶ𝑠ଵଶ 𝜃ଵሶ െ 𝐿ଶ𝑠ଵଶ𝜃ଶሶ
𝑦ሶ ൌ 𝐿ଵ𝑐ଵ ൅ 𝐿ଶ𝑐ଵଶ 𝜃ଵሶ ൅ 𝐿ଶ𝑐ଵଶ𝜃ଶሶ



Example – 2-Link Planar Arm

2)  Take derivative for velocity

3)  Put in matrix form 𝑋ሶ ൌ 𝐽𝜃ሶ
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𝜃ଵ

𝜃ଶ

𝑿𝟎

𝒀𝟎 𝑳𝟏

𝑳𝟐

𝒑𝒆

𝑥ሶ
𝑦ሶ ൌ

െ𝐿ଵ𝑠ଵ െ 𝐿ଶ𝑠ଵଶ െ𝐿ଶ𝑠ଵଶ
𝐿ଵ𝑐ଵ ൅ 𝐿ଶ𝑐ଵଶ 𝐿ଶ𝑐ଵଶ

𝜃ଵሶ
𝜃ଶሶ

𝑥ሶ ൌ െ𝐿ଵ𝑠ଵ െ 𝐿ଶ𝑠ଵଶ 𝜃ଵሶ െ 𝐿ଶ𝑠ଵଶ𝜃ଶሶ
𝑦ሶ ൌ 𝐿ଵ𝑐ଵ ൅ 𝐿ଶ𝑐ଵଶ 𝜃ଵሶ ൅ 𝐿ଶ𝑐ଵଶ𝜃ଶሶ


